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We study the viability of observation of CPT violation in the top sector at future colliders. We show possible studies 
and different estimates for hadronic and linear colliders. In particular, we will present current constraints for Tevatron 
and prospects for the LHC and the ILC. 


1. INTRODUCTION 


Symmetries are fundamental to our physical understanding of our Universe. In addition to continuous symmetries, 
there are discrete symmetries such as the charge conjugation symmetry C, parity P, and the time reversal symmetry 
T, which reverses the direction of time. We can also build other symmetries by taking products. For instance, CP is 
the product of the charge conjugation and parity and CPT is the product of CP and T. 

For a long time, physical laws were thought to conserve C, P and T , but experiments have shown us that the 
Universe is not so symmetric. Indeed, C and P are maximally violated in weak interactions P, Q and evidences of 
CP non conservation (in 1964 PP) and T violation (much more recently P9) have been observed in the neutral 
kaon system. On the other hand, we have not observed any signature of CPT non conservation so far. In fact, our 
present understanding of the interaction of the Universe can be summarized in Table ^ The electroweak sector is 
the only one which has a non trivial behavior in relation to discrete symmetries, and precisely this sector is the last 
piece of the Standard Model that needs to be confirmed. This is one of the main analyses which are going to be 
performed by the LHC and the ILC. 
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Table I: Main characteristics of the interactions which govern the behaviour of particles in the Standard Model. 

CPT symmetry is guaranteed by the CPT theorem based on three very fundamental assumptions: any local 
theory, which is invariant under Lorentz transformations and defined by a Hermitian Hamiltonian conserves CPT 
P. However, many well motivated theories can produce CPT violation]^. String theory, which is our best theory 
of quantum gravity, is intrinsically nonlocal and can violate CPT. Recent theories of ghost condensation can also 
produce CPT violation. Thus it may be very interesting to look for CPT violation in future collider experiments. 

CPT conservation implies that masses and lifetimes of particles and anti-particles are the same. Any mass difference 
between a particle and its antiparticle is unambiguous evidence of CPT violation. Here we will focus on measurements 
of the quantity RcPT(t) = — mi)/{mt -\- m^) which parametrizes CPT violation in the top sector. 
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2. HADRONIC COLLIDERS 


We now analyze the top anti-top production at hadronic colliders. We start with the study of the di-lepton channel, 
where the W bosons decay leptonically. We can reconstruct the top or anti-top mass by using the invariant mass 
associated to the lepton and b quark coming from the decay of the top or anti-top. The mass distribution from data 
coming from top and anti-top decays should have two different peaks if the CPT violation is large enough. 



Figure 1: Schematics of the top and anti-top decays in the dilepton channel. 

We can estimate the present constraints on Rcpt by using the Tevatron data accumulated at Fermilab from 1992 
through 1995 Q- The analysis performed by CDF by using this technique is consistent with only one peak at: 
rrit = mt = 163 ± 2{stat.) ± 9{syst.) GeV. We can estimate the constraint \RcPTit)\ < 0.13 at the 95% c.l. 0 by 
taking a conservative approach where we add the systematic uncertainties. 

We can also evaluate the sensitivity of the LHC. The expected statistical uncertainty in the top mass has been 
estimated as 0.9 GeV, whereas the systematic errors are expected to be around 2 GeV |2|. The LHC could thus be 
sensitive to RcPT{t) = 0.03 at the 95% c.l. using this channel (supposing rhu = (mt — mf)f2 = 174.3 Q). 

A more promising signal is provided by the lepton plus jet channel, in which one of the W bosons decay leptonically 
whereas the other one decays hadronically. We can perform the analogous analysis to that of the di-lepton channel, 
reconstructing the masses with the invariant mass mjjb associated to the hadronic decay. 

Combining the CDF and DO data gives a stronger bound on Rcprit) < 9.2 x 10“^. The sensitivity of the 
LHC is also better in this channel since both statistical and systematic uncertainties are expected to be improved. 
Indeed, the LHC will be able to test the CPT violation of the top quark at almost one order of m^nitude better 
than the present constraints: \RcPTit)\ — 0.014 at the 95% c.l. or equivalently, mt — rrit — 2.4 GeV |s|. 


3. LINEAR COLLIDERS 

The same analyses can be performed with the International Linear Collider. There are fewer studies about the 
determination of the top mass through top anti-top quark production, but the statistical uncertainties will increase 
while the systematic errors can be reduced |l 2j . The systematic ones dominate (at least in our conservative approach) 
and this leads to a small improvement of the sensitivity as compared to the LHC. 


4. CONCLUSIONS 

There are other possible analyses that can be performed. It seems very interesting to study the threshold scan 
analysis for the production of top anti-top production in linear colliders since it is extremely sensitive to the top quark 
mass. However this method is not so promising in relation to the observation of CPT violation. Other techniques to 
reconstruct the top mass could also be very interesting, such as the analysis of the J/'0 from the b decay in the LHC, 
which improves the systematics. The single top production could also be studied from the CPT violation point of 
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Figure 2: Schematic example of the top and anti-top decays in the lepton plus jets channel. 


view. In any case, a combination of different measurements will be necessary in order to consider the CPT violation 
as a serious explanation of any unexpected data. 

Precision measurements in the top sector are just beginning and we do not know what surprises await us there. 
Here we have studied the exciting possibility of the observation of CPT violation. We have found a model independent 
parameter Rc pt which parametrizes CPT violation, and shown that present constraints from Tevatron set Rc pt < 
10%. Future colliders will reduce this bound by one order of magnitude. From this study, the most promising channel 
is the lepton plus jets channel for top anti-top production. 
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